Progeny from Stem Cells stem cell-derived clones poses the question of mechanism. One possibility is that there is a clock intrinsic to stem cells that determines when daughter cells will be Discussions of CNS stem cell biology often leave the specified to adopt neuronal fates and when they will impression that neural stem cells persist throughout life adopt glial fates (see figure, panel There may be internal mechanisms that measure time Neural Stem Cells Change Over Time or the number of self-renewing divisions of cortical stem cells and that cause early asymmetric divisions to generNeurogenesis consistently precedes gliogenesis in both ate neuroblasts, leaving later divisions to generate glicentral nervous system (CNS) and peripheral nervous oblasts (see second figure) . This would explain the gensystem (PNS) development. Qian, Shen, and Temple eration of neurons first, the reduced number of neurons now show that a program that brings about neuronal produced by E16 stem cells, and the presence of some differentiation before glial differentiation is encoded multipotent progenitors among the glioblasts that conintrinsically within CNS stem cells. They cultured individtinue dividing after the initial four rounds of division in ual cells from the E10 cortex (which corrresponds to the certain clones. Such a mechanism would require a way period of neurogenesis in the mouse) at clonal density to link specification decisions to time or to the mitotic and then followed the proliferation and differentiation history of a stem cell lineage. Candidates for stem cellof individual clones by time-lapse video microscopy. In intrinsic changes that might be linked to cell-specificadoing so, they could retrospectively construct a "family tion decisions include changes in telomere length (see tree" for each stem cell clone. Multipotent progenitors in figure, panel A) , or the level of cyclin-dependent kinase culture always generated neuroblasts before glioblasts; inhibitor p27 (see figure, panel B) , or the level of growth furthermore, multipotent progenitors from the E10 corfactor receptors (see figure, panel C). tex gave rise to many more neurons than did multipotent In the case of the latter, prior studies have implicated progenitors from the E16 cortex even though there was several types of receptors whose expression levels no obvious difference in their capacity to generate glia. change within lineages over time and that could be Thus, in addition to encoding the order of neurogenesis/ linked to cell-specification decisions by stem cells. Burgliogenesis, stem cells also change over time in their rows, Lillien, and colleagues (Burrows et al., 1997) dempropensity to generate neurons, despite remaining onstrated that EGF receptor expression increased over time in cortical stem cells and that increasing EGF remultipotent.
What sorts of cell-intrinsic mechanisms could lead to the equal and that their intrinsic properties change over specification of neuroblasts first and glioblasts second? time.
There may be internal mechanisms that measure time Neural Stem Cells Change Over Time or the number of self-renewing divisions of cortical stem cells and that cause early asymmetric divisions to generNeurogenesis consistently precedes gliogenesis in both ate neuroblasts, leaving later divisions to generate glicentral nervous system (CNS) and peripheral nervous oblasts (see second figure) . This would explain the gensystem (PNS) development. Qian, Shen, and Temple eration of neurons first, the reduced number of neurons now show that a program that brings about neuronal produced by E16 stem cells, and the presence of some differentiation before glial differentiation is encoded multipotent progenitors among the glioblasts that conintrinsically within CNS stem cells. They cultured individtinue dividing after the initial four rounds of division in ual cells from the E10 cortex (which corrresponds to the certain clones. Such a mechanism would require a way period of neurogenesis in the mouse) at clonal density to link specification decisions to time or to the mitotic and then followed the proliferation and differentiation history of a stem cell lineage. Candidates for stem cellof individual clones by time-lapse video microscopy. In intrinsic changes that might be linked to cell-specificadoing so, they could retrospectively construct a "family tion decisions include changes in telomere length (see tree" for each stem cell clone. Multipotent progenitors in figure, panel A) , or the level of cyclin-dependent kinase culture always generated neuroblasts before glioblasts; inhibitor p27 (see figure, panel B) , or the level of growth furthermore, multipotent progenitors from the E10 corfactor receptors (see figure, panel C). tex gave rise to many more neurons than did multipotent
In the case of the latter, prior studies have implicated progenitors from the E16 cortex even though there was several types of receptors whose expression levels no obvious difference in their capacity to generate glia. change within lineages over time and that could be Thus, in addition to encoding the order of neurogenesis/ linked to cell-specification decisions by stem cells. (Johe et al. 1996). In each of these cases, receptor expression levels could increase over time or with each sponsiveness was associated with an increased propensity to generate glia. Qian, Shen, and Temple also stem cell mitosis, reducing the threshold for response to growth factors and increasing the probability of glial documented an increased responsiveness of cortical progenitors to EGF after they had been cultured for 7 differentiation. However, in order to explain the switch observed in culture, the cells themselves would have to days. Similarly, this group had previously reported that FGF concentrations increased in vivo in late fetal develhave produced EGF, FGF, or thyroid hormone. The CF is the same as expected, so that the passive is no longer attached to the region of greater epithelial ridge, nor to the hair cells, but instead floats away to tuning seems not to depend on the mass and stiffness of the TM. However, the 100-fold amplification and the the far reaches of the scala media. The otolithic membrane, a related structure in vestibular organs that convery sharp tuning at low sound levels is gone. The movement with increasing sound level is nearly linear, and it tains ␣-tectorin, is similarly absent. Collagens remain in the TM of Tecta ⌬/⌬ mice, but additional glycoprochanges little after death of the animal. These are all to be expected if deflection of outer hair cell stereocilia by teins-␤-tectorin and otogelin-are missing as well, the TM is a critical step in the amplification. suggesting that their stability within the TM depends on On the other hand, outer hair cells still respond to ␣-tectorin. Finally, the striated-sheet matrix of the TM sound in Tecta ⌬/⌬ mice, as assessed by recording the is missing and the collagen fibrils are disorganized; thus, extracellular cochlear microphonic potential, so the me-␣-tectorin is required for, and probably forms a major chanical coupling to stereocilia must be different. With part of, the striated-sheet matrix.
Future Questions
no TM, the stereocilia are apparently moved by fluid drag: even for nonamplified frequencies, the cochlear microphonic is about 10-fold smaller, indicating inefficient coupling, and the phase in the Tecta ⌬/⌬ mice leads that of wild-type by 90Њ, as expected for a velocitydependent drag. Yet even adjusting for inefficient coupling, the amplification is absent in Tecta ⌬/⌬ mice. Legan et al. (2000) suggest two possibilities why. One is that the phase lead associated with fluid coupling upsets the critical timing needed for cycle-by-cycle feedback-that the outer hair cell is pushing too early in each cycle to boost the vibration. The other is that the TM, in addition to bringing the vibration of sound to the stereocilia, is a structural part of the feedback-that the outer hair cells push back against the TM to move the basilar membrane. Probably both are true in degree.
For all its elegance, the Tecta ⌬/⌬ mouse does not really address one of the most interesting questions in co- et al., 2000) . This motility, apparently unique to
